The kinetics of the oxidation of N-aminopiperidine with chloramine was studied at different temperatures, with variable concentrations of the two reactants and at a pH ranging between 12 and 13.5. The reaction showed to be involving two steps: the With decreasing pH value, the first step exhibited acid catalysis phenomena, and diazene was converted into azopiperidine particularly faster. This created overlapping UV-absorptions between chloramine and azopiperidine, also observed in HPLC. GC/MS analyses were used to identify some of the numerous by-products formed. Their proportions are dependent of both pH and the reactants' concentrations ratio. A reaction mechanism taking this relationship into account, was suggested.
Introduction
Heterocyclic compounds including an unsymmetrical hydrazine group are used in the pharmaceutical industry as precursors of medicinal drugs. In particular, Naminopiperidine (1, NAPP, C 5 H 12 N 2 ) is a precursor of a selective CB1 endocannabinoid receptor antagonist, commercially known as Rimonabant, which is used for the treatment of obesity and for smoking cessation.
1. The Wright and Willette process [1] , which is carried out in two steps (Scheme I):
• nitrosylation of 1-piperidine (PP) by addition of sodium nitrite to an acid solution of the amine (reaction 2)
• reduction of 1-nitrosopiperidine by a chemical or catalytic method (reaction 3) This process leads to a high yield (75 to 92%) but, before the reduction step, the product of reaction 2 must be purified by distillation or recrystallization. Several methods are possible for its reduction [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Nevertheless, it must be handled with a lot of precaution because of its highly carcinogenic properties, which complicates synthesis on an industrial scale.
2. The urea method, which includes three steps: the first one is the preparation of 1-piperidylurea (reaction 4) followed by chlorination leading to 1-piperidyl-3-chlorourea (reaction 5). The latter is finally converted to N-aminopiperidine by addition of a concentrated solution of sodium hydroxide [13] [14] [15] . The reaction mechanism is a Hoffmann rearrangement and the yield obtained is about 82%.
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However, this method would hardly be adapted to a continuous synthesis because it involves numerous steps (Scheme II).
Scheme II (4) N-CO-NH 2 NaOCl + NaOH N-CO-NHCl
N-CO-NHCl NaOH NNH 2
Other methods reported in the literature were also used to prepare 1 [16] [17] [18] , however many difficulties involving these methods were found. Therefore, to synthesize 1 in a high scale we have undertaken an aqueous amination of 1-piperidine by the Raschig process [19, 20] . This most environmentally-friendly route can be schematized by the following two reactions (Scheme III):
Scheme III 
In this paper, we report a kinetic study of the monochloramine / N-aminopiperidine reaction. 
Experimental

Reagents
Results and Discussion
Procedure and Analysis
Reactant solutions were prepared at the same pH (see Experimental Characterization of the reaction mixture In a second step, the isobestic point disappeared while UV absorption increased and simultaneously deviated to lower wavelengths. At the end of the second step, the reaction mixture's evolution, monitored by UV spectrophotometry, led to a unique maximum at 237 nm, which is a characteristic wavelength for the absorption of hydrazones.
In order to understand the evolution of compounds in the reaction mixture with respect to the two steps described above, we compare the C 
12.89, T = 25°C).
In the second step, 3 leads to different products (Scheme VI) depending on experimental conditions (pH, concentration, solvent):
In order to identify these different products, GC/MS analyses were carried out on the reaction mixture (see chromatogram in Figure 2 ). Numerous peaks were observed, proving that 3 is converted to several products within a complex reactional chain. A plausible reaction mechanism describing the formation of the most important byproducts is reported later on. 
Figure 2. Chromatogram obtained by GC/MS analysis for a NAPP -NH
Kinetics of oxidation of N-aminopiperidine with chloramine
Reaction order and stoichiometry
Experiments were conducted at 25°C with pH values ranging between 12 and 13.5
(at pH values below 12, it became impossible to complete the kinetic study for the reasons mentioned above).
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A first series of measurements was performed at 25°C and pH = 12.89. The kinetic parameters were determined by the Ostwald method and the rate of disappearance of NH 2 Cl may be expressed as follows:
The stoichiometry of the oxidation of hydrazine with chloramine is 1:1 with respect to each reactant [21] .
To evaluate α, three series of measurements were carried out, using a constant concentration of 1 ( Partial orders were also determined from experiments monitored by HPLC (Table 1) , and gave the same results as for experiments followed by UV spectrophotometry.
Experiments were based on the following initial concentration ratios: 14 showed to be straight lines with the slope k 2, which confirms that α = β = 1 ( Figure   5 ). Consequently, the second order rate constant at pH = 12.89, T = 25°C was found to be equal to k 2 = 18 × 10 -3 ± 0.7 × 10 -3 M -1 s -1 . 
N-aminopiperidine with chloramine (pH = 12.89, T = 25°C).
A second series of measurements was performed at 25°C in a pH interval ranging between 12.0 and 13.5 for 1 ≤ [C 5 H 10 NNH 2 ] 0 /[NH 2 Cl] 0 ≤ 10 ( Table 2 ). The established rate law (partial orders and stoichiometry) were preserved. Furthermore, k 2 remained quite constant at this pH range with a slight shift towards higher values when the pH started decreasing.
To interpret the results, it is important to distinguish between two domains where the pH is above or below 12.89. For 12.0 < pH < 12.89, k 2 was determined at the first reaction instants in the same procedure described for the first series of measurements.
Under these conditions, the rate constant value began to increase gradually as pH went below 12.89.
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To determine k 2 for pH values above 12.89, it is necessary to take the alkaline hydrolysis of chloramine into account. This reaction has been studied by several authors [24] [25] [26] [27] [28] [29] [30] 
The values of k 2 for the range 12.0 < pH < 13.53 are given in Table 2 . 
(T = 25°C).
Influence of temperature
The temperature effect was studied at pH 12.89 between 15 and 45°C.
Concentrations for 1 and NH 2 Cl used were equal to 20 × The enthalpy and entropy of activation can be deduced from the following formulas: The calculated values are:
Mechanism
The experimental results showed that the reaction between C 5 H 10 NNH 2 and NH 2 Cl consists of two steps, in which the first follows a second order rate law and leads to an aminonitrene 3 according to the following redox mechanism [31, 32] agrees with previous studies on the rearrangement aminonitrene -hydrazone described in Scheme IX [33] . -By studying the possible evolution routes of the two reactants, it was proven that the other peaks observed cannot be related to diazene. They are consequent upon a succeeding reactional chain based on the evolution of 1-piperidine (peak a) present as an impurity in the starting material (peak b) and also resulting from the oxidation of NAPP with air: first it formed 1-nitrosopiperidine (peak c) which is converted into 1-piperidine. The latter is responsible for the numerous peaks observed in GC/MS. A complete characterization of the compounds obtained will be topic of further investigations.
Scheme IX
